Abstract The zebra finch (Taeniopygia guttata) has been intensively studied in many research fields including neuroscience, behavioral neurobiology, and evolution of the genome. Although numerous molecular and genomic resources are available for this model species, immortalized cell lines have been lacking. We have established two zebra finch cell lines derived from spontaneous tumors. ZFTMA is a tetraploid female cell line and G266 as a diploid male cell line. These first zebra finch cell lines should facilitate development of research on this model species.
Introduction
The zebra finch, an oscine songbird (order Passeriformes), has been extensively studied as a model for the behavioral neurobiology of learning, the role of adult neurogenesis, the neural basis of sensory perception and cognition, sexual differentiation of the brain, and evolution of the genome. The study of songbirds has contributed to numerous fields in neurobiology, neuroendocrinology, and evolution. (Ziegler and Marler 2004) . The zebra finch was the second avian genome to be sequenced (Warren et al. 2010) . Although numerous genomic resources are now available for this important animal model, there have been no available immortalized cell lines for intensive molecular and cell biology research including transfection of specific genes or recombinant protein expression.
To establish a valuable cell line resource, we isolated cells from naturally occurring tumorous tissues. Although such tumors are rare, over the years, we found two birds with tumor-like abnormal tissue in our zebra finch colony in Los Angeles. One female bird (Brown 264), which we established ZFTMA cell line from, had a left thigh that was almost 20-30 times larger than the right one. This bird had complete female plumage and normal ovary, but its liver was almost ten times larger and kidney size was also about six times larger than normal. Another bird (Gray 266), which we established G266 cell line from, had a tumor-like tissue under the skin of his forehead. This bird had male plumage and normal testis, and the other parts of his body including the internal organs did not have any abnormality.
Materials and Methods
In both cases, the bird was anesthetized and sacrificed, and tumor was dissected out. The tissue was washed with phosphate-buffered saline, minced, and transferred into 0.5% collagenese B (Roche, Indianapolis, IN)/Hank's balanced salt solution. The tissue was incubated at 37°C for 1-3 h and mechanically dissociated. Ten milliliters of Dulbecco's Modified Eagle Medium (DMEM; Sigma, St. Louis, MO) supplemented with 36.7 mmol/L glucose, 10% v/v heat-inactivated fetal bovine serum (Gibco BRL, Gaithersburg MD), 2% v/v heat-inactivated chicken serum (Gibco BRL), and antibiotics (100 U/ml penicillin G, 100 μg/ml streptomycin sulfate) were added to the cells, and it was further dissociated by pipetting up and down. The cells were diluted with DMEM and plated out in a 100-mm culture dish. The cultures were maintained at 37°C in 5% CO 2 for 5-7 d, changing culture medium every day. Once the culture reached 100% confluence, the cells were passaged by harvesting with 0.05% Trypsin-1 mM EDTA (Invitrogen, Carlsbad, CA) and re-plating at one-third to one-fifth of dilution. To isolate immortalized cells from normal cells in the population, we repeated the passage of cells every 2-3 d. ZFTMA cell line continued to grow over 300 d (over 100 passages), and G266 cell line grew over 185 d (over 60 passages) without any sign of senescence. The cell morphologies of these two cell lines were fibroblast-like.
Results and Discussion
Sexes of these two cell lines were further characterized by genomic PCR using four different primer sets (Fig. 1) : CHD1-Z/W (Agate et al. 2004 ), TGW (data not shown; Runciman et al. 1999) , and ZBM1 and ZBM2 (Itoh et al. 2008) . All four cases confirmed the sex of ZFTMA cells as female and of G266 cells as male (Fig. 1) . The doubling time of ZFTMA cells was 9.68 h (at 300 d of culture) and of G266 cells was 8.92 h (186 d culture), which was measured by counting the cell number using hemocytometer. Metaphase chromosome sets were prepared according to Itoh and Arnold (2005) and stained with 4′,6-diamidino-2-phenylindole (DAPI). Although the exact number of chromosomes has not been determined because of the difficulty in counting microchromosomes, ZFTMA cells were tetraploid and G266 cells were diploid (Fig. 2) .
In vitro experiments using cell culture system offer many advantages, including advantageous experimental design and speed, reduction in use of animals, and ease of manipulation of gene expression. Cell culture can be a useful source of DNA, RNA, and protein due to high rates of cell proliferation. In some cases, it is critical to use a cell line from the species that is being investigated, for example, when testing the efficiency of RNAi before applying the RNAi molecule in vivo. Hopefully these first two zebra finch cell lines will offer experimental advantages to those studying this valuable model system. 
